Objective-Evidence is steadily accumulating that a preventable environmental hazard, child maltreatment, exerts causal influences on the development of long-standing patterns of antisocial behavior in humans. The relationship between child maltreatment and antisocial outcome, however, has never previously been tested in a large-scale study in which official-reports (rather than familymember reports) of child abuse and neglect were incorporated, and genetic influences comprehensively controlled for.
INTRODUCTION
Decades of research have indicated that chronic patterns of serious antisocial behavior originate in childhood. [1] Child maltreatment is a known risk factor for the development of antisocial behavior [2] , but studies to elucidate the nature of that association-specifically to establish causality-have historically been compromised by modest sample size, inadequate control for inherited influence on antisocial outcome, over reliance on self-or family-report of maltreatment, and/or ascertainment bias. Given that child maltreatment is preventable, [3] it is crucial to firmly establish its association with antisocial development in order to inform public policy on prevention. In this study we attempted to mitigate shortcomings of prior research by conducting a large-scale analysis of the effect of maltreatment on antisocial outcome in an epidemiologic sampling frame; one in which inherited factors were fully controlled (via the twin design) and the ascertainment of maltreatment was standardized by the use of official-report data acquired from a state administrative database.
Attempts to disentangle the relative contributions of the array of genetic and environmental factors that influence antisocial behavior have consistently supported a role for both nature and nurture. [3] [4] [5] [6] Questions persist, however, about which aspects of the environment most critically influence antisocial development in the population. Following Widom's classic "Cycle of Violence" study [7] , squarely implicating the salient role of child maltreatment, subsequent research has shown that inherited factors render some children particularly vulnerable to the effects of child abuse and neglect. [8] A landmark study by Caspi and colleagues [9] provided the first evidence of the interaction between a specific candidate gene (Monoamine Oxidase A) and the occurrence of child maltreatment predicting enduring patterns of antisocial behavior. A meta-analysis of subsequent studies examining that interaction [10] supported the original finding, but recent studies have also suggested that the magnitude-ofeffect of inherited vulnerability (whether incurred by MAOA or other parameters of genetic risk) varies as a function of the presence or absence of numerous modifying factors such as gender, ethnicity, and the severity of adversity of life events. [11] [12] [13] Historically, genetically-informative research on maltreatment and antisocial development has generally relied upon retrospective parent-or self-reports of maltreatment. Such reports suffer from a high prevalence of false negatives [14] as well as marginal reliability when multiple self-reports are collected over time, [15] or when compared with reports of other family members. [16] In contrast, due to their scope and demonstrated predictive capacity, official records represent an unparalleled resource for studying the broad-based impact of child maltreatment on public health. Unfortunately, the promise of combining official records of maltreatment with genetically-informative data has thus far remained largely unfulfilled. The prior studies that have done so [11] [13] had the limitation of controlling for allelic variation in a single gene (MAOA) rather than for the totality of genetic influences on outcome, which can be parameterized in a twin design, as employed in this study.
Thus, although an existing body of research has suggested that maltreatment is one of the most potent (and preventable) environmental influences on antisocial development, there remain persistent questions about the relative magnitude and impact of maltreatment in the general population, especially when controlling for inherited risk. We undertook this study to provide the first observation of the effects of maltreatment on the development of conduct problems in children using official-report maltreatment data in a large-scale epidemiologic twin sample.
Our research questions were: 1) Are children with official-reports of maltreatment in the general population at significantly higher risk of conduct problems, controlling for inherited liability? 2) Do the effects of official-report maltreatment observed in an epidemiologic sample replicate in a clinically-ascertained contrast sample? 3) Are indices of inherited risk that might be feasibly ascertained in public health settings (e.g. by family history methods) robustly predictive of antisocial outcome? Demonstration of the relative contributions of officiallyreported maltreatment and familial liability to antisocial development would lend further support to the allocation of specific and sustained targeted efforts to prevent maltreatment and maltreatment recidivism among vulnerable children in the United States.
METHOD Sample
This study integrated pre-existing data from three sources: Official records of the Missouri Department of Social Services (DSS) covering the years from 1981 to 2008 (source 1) were cross-referenced with a) behavioral data from the Missouri Twin Registry (MOTWIN, source 2; birth years 1981-1996; study years [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] , an epidemiologic twin sample ascertained from birth records; and b) behavioral and family history data on 7-21 year old family members of adults enrolled in the Collaborative Study on the Genetics of Alcoholism (COGA, source 3; birth years 1981-1996; study years 1989-2008), these adults were ascertained on the basis of alcohol dependence.
From the available data for each subject in COGA and MOTWIN, we derived and utilized personal identifiers, demographic data (gender, race, and birth year), zygosity (for MOTWIN), a polychotomous index of familial liability to antisocial development; and presence or absence of antisocial outcome in the children. All of the research information except the identifiers was encrypted. The encrypted information was submitted with identifiers to the DSS, where it was cross-referenced with official-report records at an individual level, and the linked data set was subsequently stripped of individual identifiers before returning to the research team.
The study was reviewed and approved by the Washington University Human Research Protection office (IRB), and authorized by the DSS, with a waiver of informed consent, a stipulation of which was that the research data set had to have the following characteristics (in order to avoid any possibility that individual subjects could be identified after the data merge procedure): 1) a low total number of variables; 2) each variable with a limited number of values; 3) no variables in which a given value would identify a specific subject or family.
Data preparation
The merged data set included 5,056 MOTWIN subjects and 511 COGA subjects To minimize the likelihood of matching the maltreatment registry as a perpetrator rather than as a victim, cases with reports occurring after age 17 were deleted (MOTWIN=106; COGA=3). Individuals younger than 17 rarely appear as perpetrators. Because of the demographics of the region, analyses were restricted to Caucasian and African-American subjects, those of other ethnicity or with missing race data were deleted (MOTWIN=56; COGA=31). A number of the subjects were removed due to missing familial liability data (MOTWIN=242; COGA=13) or missing socioeconomic status (SES) data (MOTWIN=220; COGA=36). The above resulted in a final analysis sample of 4,432 subjects in MOTWIN, 428 subjects in COGA.
MEASURES Socioeconomic Status (SES)
In COGA, interview data was coded to determine whether total family income was below or above the federal poverty level. In MOTWIN, SES indices were estimated by the zip code of the family, [17] which is generally reliable in Missouri on the basis of relative income by geographic segregation; the data was then recoded according to poverty-level classifications.
Inherited liability for antisocial development
In this study inherited liability was parameterized using family history methods in two distinct ways, neither of which involved assays of specific genes. Because inherited liability is a lifetime construct, we selected the best available parameterization of lifetime-risk that could be derived from each respective sample.
In MOTWIN, inherited liability was parameterized by presence or absence of clinical-level externalizing behavior problems in the co-twin, according to the parent-report Child Behavior Checklist (CBCL). This yielded four levels of liability that were dummy coded in the following descending order of severity: Monozygotic (MZ) co-twin affected, dizygotic (DZ) co-twin affected, DZ co-twin unaffected, and MZ co-twin unaffected. Note that all twin pairs were reared together, so distinctions between MZ and DZ twin outcomes for a given co-twin status can be interpreted unequivocally as effects of gradations in inherited liability, [8] given the equal environment assumption that underlies all classic twin designs.
In COGA, which comprised a family design (rather than a twin design), affectation status of relatives (particularly parents) reflects both inherited and environmental risk. Thus, although it was possible to specify inherited influences in MOTWIN, the best that could be done in COGA was to parameterize familial risk, which represents an amalgam of genetic and environmental risk, against which independent effects of maltreatment can be examined. Not surprisingly, children in COGA with higher levels of familial risk ascertained in this way were, in addition, at higher risk for child maltreatment. We note that an ordinal index of presumptive risk for maltreatment using SES and life event data obtained throughout the multisite COGA network was found NOT to significantly correlate with official-report maltreatment data for children at the Washington University site.
The requirement for a low total number of variables prompted a decision to index inherited liability to antisocial development using all adult diagnoses known to be associated with offspring antisocial outcome: these include not only antisocial personality disorder (ASPD) (a severe form of antisocial behavior in adults) but also alcohol and/or substance dependence, which are more common predictors of offspring antisocial risk. Thus, in COGA, familial liability was parameterized by ascertaining the closest adult relative with either antisocial personality disorder, alcohol dependence, or drug dependence ascertained by a) the SemiStructured Assessment for Genetics of Alcoholism (for parents, i.e. first degree adult relatives) and b) the Family Interview for Genetic Studies (FIGS) (for second or third degree relatives). Each child was consequently scored as having 1 of 2 levels of genetic liability: 1-closest relative with any of these disorders is a first degree relative; 2-closest relative with any of these disorders is a second degree or higher relative (over 96% of the children in the sample had either a 1 st or 2 nd degree adult relative with an antisocial disorder as operationalized here).
Official-report maltreatment/foster data
Because the state only retains official-report records of maltreatment for a limited number of years (see below), we limited the MOTWIN and COGA data to persons born 1981 or later, as noted above. Even with this limitation, the match could not be inclusive of all reports since birth, because many unsubstantiated reports were already purged according to legislative mandate. Thus, it is likely that the proportion of children with maltreatment reports identified in the match is an undercount. In contrast, the state data on foster care is not purged and is thus fully inclusive.
Official-reports included placement in foster care (FC), substantiated reports of maltreatment (SRM), unsubstantiated reports of maltreatment (URM), and referrals for preventive services (RPS) without allegation of maltreatment. It should be emphasized that according to the harm/ evidence model of substantiation, a substantiated report is not equivalent to verifying the presence of maltreatment but rather a label used when sufficient evidence and/or risk of harm exists to permit family court intervention if needed. [18] In Missouri, both substantiated and unsubstantiated cases have been eligible to receive in-home or foster care intervention for many years. RPS cases are not cases that are "bogus" or refused for investigation but includes serious family problems like homelessness that require referrals but do not rise to the legislative standard for abuse and neglect. In Missouri, attempts are made to provide referrals to these families to offset risk of subsequently turning into cases of abuse or neglect.
Despite substantial research documenting the relative equivalent risk for unsubstantiated or substantiated reports of child maltreatment [18] [19] [20] [21] [22] , a records purge cycle was enacted by law in 2003, which mandated the purging of any unsubstantiated case without recurrence or service within 3 years and any substantiated cases without recurrence or services within 10 years. In other words, either the subsequent receipt of formal service or a recurrence before the purge date extends the retention period for the record. The total proportion of all records purged is unknown, but could represent up to one third of all reports ever made on the children in this study. Maltreatment recurrence following first-time reports in Missouri data is on the order of 50%. [23] We note that maltreatment report rates in Missouri have been fairly consistent over the period from 1997-2006. [24] In the present study about 11.6% of the MOTWIN sample and 20% of the COGA sample had at least one of the four types of reports specified above; The MOTWIN figure is highly in keeping with published data on the prevalence of officially-reported maltreatment in the U.S. population. [25] Finally, for MOTWIN, it is important to note that it was not possible to specify with confidence whether one twin or both were subjected to maltreatment; nor could we ascertain the age at which maltreatment first occurred, since a) date of first available report is not the same as the time when maltreatment began; and b) some of the reports represented recurrences of unsubstantiated maltreatment that occurred beyond the 3-year purge cycle. We note that neglect overwhelmingly likely affects all children in a family; however the data available to us did not differentiate abuse versus neglect.
Child mental health outcomes
In both samples, child mental health outcomes were characterized by parent-report, in MOTWIN using the Child Behavior Checklist [26] (which generates a quantitative severity score for current externalizing behavior that is highly predictive of DSM-IV Conduct Disorder Diagnosis), and in COGA using the child and adolescent versions of the Semi-Structured Assessment for the Genetics of Alcoholism. [27] The validity of parent-report methods for ascertaining enduring aspects of child and adolescent antisocial behavior is well-established. [28] Outcomes were dichotomized for the confidentiality reasons cited above.
For MOTWIN, a child or co-twin was designated affected if his/her total externalizing problem score fell at or above 60T on the parent-report CBCL (the published cutoff for clinical-level symptomatology for the overarching total internalizing and total externalizing problem domains; T-scores account for normal variation as a function of gender and age). For COGA, boys were designated affected if, at the time of assessment, they met three DSM-IIIR criteria for Conduct Disorder (CD); girls were designated affected if they met two DSM-IIIR criteria for CD. This gender-specific designation of affectedness ensures an approximately equal prevalence for boys-and girls-affected, and is consistent with prior research indicating that the psychosocial prognosis of girls with two CD symptoms is as poor as that for boys with three CD symptoms. [29] 
DATA ANALYSIS
Proportion of children with presence of antisocial outcome was plotted as a function of degree of familial liability and degree of maltreatment (none versus reported versus substantiated and/ or placed in foster care) for each of the research samples (MOTWIN and COGA). Since, in the twin sample, affectation status of twin A was used to predict affectation status of twin B (and vice versa) subsequent analyses of the twin data considered the pair as the unit of observation , randomly selecting one twin from each pair to depict outcome, and the co-twin to parameterize familial risk. Comparisons of MZ versus DZ twins were performed to capture variation in outcome exclusively as a function of inherited liability; for this, we employed contingency table analysis, adjusting for zip code clustering.
Logistic regression was subsequently employed to establish the statistical significance of the relative contributions of familial liability and maltreatment on antisocial outcome. PROC SURVEY LOGISTIC in SAS was employed to allow control for clustering (by zip code in MOTWIN and by family in COGA). For these analyses, a nested approach to modeling was taken, so that the model fit and accompanying predictive statistics could be compared as variables were added, beginning with demographics only (Model 1) and progressing through models with the addition of the following variables: child welfare contact (Model 2); familial liability (Model 3); both (a full model (Model 4)); and a full model with interaction between familial liability and child welfare contact (Model 5). In addition to calculating odds ratios (OR) and significance levels, the Wald Chi-square for the sandwich estimator was calculated for model fit, along with the max rescaled r-square, and the c statistic corresponding to the receiver operating curve. The c statistics can be thought of similarly to a grading scale, with . 70 considered adequate, .8 considered good, etc. [30] Because there were so few FC cases they were grouped with SRM cases. Separate runs of analysis were conducted with centering the variables (using Proc Standard in SAS) to avoid spurious associations between reported familial liability, maltreatment, and offspring outcome. Centering did not significantly alter the results for either sample.
RESULTS
Prevalence of antisocial child outcome as a function of familial liability and official-report maltreatment history are depicted in Figure 1 , panels A and B. In the epidemiologic twin sample (panel A), we observed a steady increase in the proportion of children with clinical-level elevation in CBCL externalizing score at increasing levels of familial liability (ascertained on the basis of co-twin status). In general, across all levels of familial liability, maltreatment was associated with a 10-25% increase in prevalence of child antisocial outcome, consistent with additive effects (not interactive effects) of inherited liability and maltreatment on antisocial outcome. To isolate the effects of inherited influence we examined discrepancies in externalizing outcome between MZ and DZ twins within each category subsumed by maltreatment and co-twin affectation status. Based on the close correspondence of the tracings for URM and SRM/FC in Figure 1A , we optimized statistical power for these analyses by collapsing these report types into a single maltreatment variable. Rao-Scott Chi-square = 2.79, p=.09 for maltreated identical versus non-identical co-twin affected; 6.45, p=.01 for maltreated, identical versus non-identical co-twin unaffected; 8.30, p=.004 for nonmaltreated, identical versus non-identical co-twin affected; 12.16, p<.0005 for nonmaltreated, identical versus non-identical co-twin unaffected.
Similar effects of familial liability and maltreatment were observed in the COGA sample (panel B); however there was much greater separation between SRM and URM than between URM and absence of maltreatment. Clearly, children with higher levels of familial loading for an antisocial disorder were more likely than their lower-risk counterparts to experience maltreatment, and this strongly suggested the presence of correlated genetic and environmental risks operating in this clinically-ascertained sample.
Hierarchical logistic regression analyses confirmed independent and statistically significant effects of both maltreatment and familial liability on antisocial development in children, as presented in Table 2A and Table 2B . In the best-fitting model for the twin sample (#4), odds ratios (OR) were 2.5-3.3 for reported maltreatment (p<.0001) and 1.9-19.6 for varying degrees of incremental familial risk (p<.0001). For the children in COGA, only substantiated or foster care status was significant among the maltreatment variables (OR=3.7 , p=.003 in the bestfitting model), and familial liability (as dichotomously characterized) was moderately associated with conduct problem outcome (OR= 1.9 in that model). There was no evidence to substantiate a statistically-significant interaction effect between familial liability and maltreatment in either model.
DISCUSSION
This is the first large-scale epidemiologic study of maltreatment and antisocial development to simultaneously control for inherited risk and employ administrative data (official-report) as the method of ascertaining maltreatment. Significant additive (though not interactive) effects of inherited liability and maltreatment were observed. The results in our large twin sample were substantially confirmed in an enriched clinical sample of children at combined genetic and environmental risk for antisocial development, with one notable difference. In the epidemiologic twin sample, the largest discrepancy in risk as a function of maltreatment severity occurs at the level of reporting of maltreatment, irrespective of whether the reports are substantiated. In the clinical sample, the greatest contrast was observed between children who were reported and those whose reports were actually substantiated, although we note that even among the non-maltreated children in the COGA sample, the prevalence of conduct disorder symptomatology was elevated (21%). It is possible that within the latter group-which comprised more densely affected families-either the high prevalence of child maltreatment reports (much higher than that observed in any of the twin groupings) or the nature of inherited risk within a sample ascertained on the basis of alcohol dependence, minimizes the relevance of non-report in a way that distinguishes substantiated reports as specific predictors of antisocial outcome. The data for less densely affected families in the COGA sample is more difficult to interpret because of sample size limitations.
In contrast to a number of previous research studies employing alternate designs [10] , we did not observe statistically significant interactive effects of inherited liability and maltreatment on antisocial development, despite the fact that our observations of the influence of inherited factors were highly in keeping with those of previous studies. There are many possible reasons for this discrepancy in study outcomes. Use of official-report data results in the inclusion of severe forms of maltreatment that may be under-represented in studies relying on self-report. Although the presence of official-report of maltreatment may be a more specific indicator of environmental liability than any other known marker, the absence of such a report may underestimate such influence on the basis of a) instances of maltreatment that go unreported or b) in the case of Missouri, the expungement of some of the records after a specified number of years. Finally, our clinical sample of lower-familial-liability subjects may not have been large enough to demonstrate interactive effects. This study capitalized on the ability to consider the totality of inherited influences on antisocial outcome (rather than a single genetic factor) and to use official-report data. The results from both our population-based and clinically-ascertained samples represent a convergence with the results of studies incorporating other designs affirming the deleterious effects of maltreatment even when controlling for inherited risk. Future studies of the mechanisms by which maltreatment results in enduring patterns of antisocial behavior (including the possible modulation of gene expression and/or direct effects of adverse life experience on neurobehavioral development) may lend new insights into intervention strategies for offsetting the long-term sequellae of maltreatment after it occurs.. The distinction between additive and interactive effects of genetic and environmental influence is relevant to preventive intervention strategies. Additive effects represent simple arithmetic accumulations of risk, such that mitigation of any single risk factor can only reduce the likelihood of an associated adverse outcome to the extent of that single factor's contribution. Interactive effects are, in contrast, multiplicative in nature, such that mitigation of a given risk factor simultaneously dismantles risk incurred by any other factor(s) with which it interacts to exert an effect on outcome.
This study had a number of other important limitations. The richness and range of variation in study variables had to be reduced by necessity, in order to preserve confidentiality and avert the possibility of individual identification of subjects (for whom individual informed consent was waived). Furthermore, the question of whether maltreatment occurred before or after the development of externalizing behavior was not resolvable in the current data set because the dates of earliest report of maltreatment werenot consistently available. Our analysis of the effects of birth year, coupled with a recent study of self-report maltreatment and psychopathology from over 3,000 twins and siblings [31] in the ADD Health Study, have suggested that the direction of causation is from maltreatment to abnormal behavior rather than the other way around.
Despite these limitations, this study reflects the potential scientific contributions that can be made when one of the most salient known environmental risk factors for human psychopathology, child maltreatment, is ascertained accurately and coupled with geneticallyinformative variables in epidemiologically-defined sampling frames. Official-report maltreatment data is available in every state in the U.S. but is rarely, if ever, used to test hypotheses about genetic and environmental causation for major mental health outcomes. We have demonstrated here an ethically acceptable method for harnessing large-scale officialreport maltreatment data in the study of additive effects of genetic and environmental influence on developmental outcome, and encourage replication of this procedure using more specific indices of biological risk. It is also clear from this study that the loss of data incurred by the policy of expunging records after relatively brief intervals of developmental time compromise their power to elucidate the critical role of life events on human development from infancy through adulthood.
The results of this study support independent influences of inherited and environmental factors on the development of antisocial behavior in children, and that important parameters of risk can be estimated in large-scale studies by use of a) official-report records, and b) the straightforward and time-honored technique of obtaining a family psychiatric history. Efforts to support the environment and prevent maltreatment [3] -especially among children at elevated familial risk-continue to hold great promise for improving long-term social developmental outcome for our nation's youth. This row does not equal full sample because child welfare contact for maltreatment was excluded from the counts. Because of low frequency, RPS cases were deleted prior to multivariate analyses of COGA data. 
